(2) 



PATENT ABSTRACTS OF JAPAN 

Publication number: 2001-102307 

Date of publication of application: 13.04.2001 
Lnt.cl 

H01L 21/205 

H01L 33/00 

H01L 21/205 
33/00 

Application number: 11273882 
Date of filing: 28.09.99 

Applicant: SUMITOMO ELECTRIC INDUSTRRIES, LTD 
Inventor: KENSAKU MOTOKI 
TAKUJI OKAHISA 

Method of growing a GaN single crystal, Method of making a GaN single crystal 
substrate and GaN single crystal substrate 

A great many dislocations of an order of 10 9 cm 2 accompany the conventional 
planar GaN c-axis vapor phase epitaxial growth. A facet-maintaining GaN growing 
method which grows a GaN single crystal substrate in the c-axis direction in vapor 
phase by keeping a rugged surface with many facets is proposed. The rugged c- 
growing surface has many facets consisting of octagonal pits of { 11-21 }planes or 
dodecagonal pits of {11-21} planes and {1-100} planes instead of the smooth c-plane. 
Boundaries of the {11-21} planes and the {1-100} planes of the pits accumulate 
dislocations, because the upward (c-axis) crystal growth sweeps dislocations toward 
the boundaries. The accumulated sets of dislocations are unified at the bottoms of the 
pits into an combined dislocation. The presence of the pits on the rugged growing 
surface gathers the dislocations and substantially reduces the dislocations down to 
lOW 2 or 10 5 cm" 2 . 
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[gift] 1 0 6 cm" 2 WT©f£fifi(DG a N iglSH 
fcWJS-T*^*!!^ 5 C t . 

TcWtt^r-btr MS££&o.J:9lcU ?T-fer? MBit 
^oJi:**, 77*9 h»5S«rfflfejiS«cl,>-rfiRS3 
It h C t Cc J: 0 mVkWSkf £ <fc 5 fc OfclU&afiMfcjtf 
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s<* i* s c i cc * •? $E&*ffiisrr s c £ t -r a 

KIBtt® 4M£ A G a N <m$J&&1j&. 10 

[ m$q; 3 ] siffiiasciassiBAHPiiittJS-c & < . 
t»js« feo^ss. 7 7 -fe 9 h mm*tm& t tt ^vm 

SS-tt. *»oT*&WttfiSfiiB«:»LrB««llia«:iBtt 

©^H^WT Stitch. C££4#* 
i-T*#W»G a N©*£HJ£g:fr& 

tgjgfcfcofcSS. 7 r-fe 9 htiij&&S«>i£*tt^rjiS 

*o, w^mtfiKi&mRtcztLrmmfcicmvi 20 

tzmmtrz, mm& g a n v>m$im&ffik. 
lamms) mmfkom&mmwymw mx tt < . 

=^7cWtt7r-fe9 h«i&*#o«fc5(CU 7rH29h 
flf 7 T -fe9 l-#>i£S2sMi*ttt,>t?Ji$ 

fiS#. =#7ctfJtt:7 7-fe9 l-*€.&5f? KSIHtm* 

•&W5SG a N ©*SH/&g7rS. 

[ IS5j?JM 6 ] ^B)iSS©lSg^ffi*i-T-li«B-C tt < . 30 
=>X7cWtt7r-fey h«K£*fc!K>J:5K:U 7r-te9h 
t»i&£}#o/c3:$. 7 h^it^tlfeiiStt^-CRS 
g?#. HySc(Wtt7T-fe9 h*»6ttStf9 hSIStCteH 

AG a N©£Aj£fi2rtt. 

[ sS#JI 7 ] JMBBSfiOJiEfillffijW TBttffir tt < . 
=>XJmU 7 7 -fe 9 h At**!*-? J: 5 tc b . 7 t * > h 
titJ&£J#-ofc**. 7rtn h«JjS«ra*3A*tt^T^ 

1$® t r s #$Sb b b g a n o>&gi,mtt&. 

[ IS^JH 8 ] «t0fi£gcDfiSS^ffi*5-T-ffi«?J-C tt < . 
i> -5/c$$. 77-te?h t»Jt*ffl»ii * tt UTJS 

5C i*1$S4i^S#fep%Ga NCDttA££# 
tt. 50 
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Cl^Jt 9 ] ¥*3ffJttfifcg;frl*J** c $fc£[6)T*> SAT* 

9S®<fc-r£fiM<iii . it^3. IS5RIM4. %mms, 

f§*JH6. 16*317 $tt«f§*58©^lTn*>K:IBiSCD 
miSHG a N<DtSfiliME&ifc. 
CW*JB 1 0 ] ¥-%)MUf&g:WlcZtLxmm\S.lc?i 

?h%mvi(DxmK {i 1-20} mic&zttztt 

[Mil] ¥i*)WttfiXSffltC)i=fur«(JSl[«:W 

-r sm#©xr5#> 'mminvbzc tzumt? 
zimm 3 . i«*js 6 £/c»is*i§ 7 ©t^-rn^ccgsis 

[««JH-1 2 ] «tlfi3ES©JiSS«il)&«PifflttSSrtt 
< , H^TC^tt v t -fe 9 h mig^Jf-od: 5Kb. 7 r -b 

9 hiSMtofcii 7tH2 9 hi«is*ai6ji*tti> 

tCj:0^iatt^M5:SSC i?ri|$ffil[i-rsm*SSGa N 
^©$33®^tto 

i 3 1 tiis)(WttAnx*s. xwmmx-e 
frhztwrnttz mm 1 2 tct e«g©mifSoi g a n 

S1S©S2jt^tt. 

=£^®i-r-5I9*il 1 2«ciBtt©¥ttilG a NS«©i? 

S=^7tWtt-7 7-fe 9 MSiiO^MBOSR©^*^* 
teHfffl©*<oi»iifflUc*W*Jt*3&« 1 o%J^±r*5c; 

t^1fSi£T^I8^ 1 2 (clB«t©#«SAG a NSS© 

[ wm 1 6 1 ftrai&gffc «t oms^©^ffitc*jw 

SH^TcWtt-? r-te 9 hBB3&>6tt4fiXSt'9 hteJ:^ 
©«^** 6 tt S*ffiE3i£!i»© Jpffi* 6m/cMffi©^© 

t&mt? ztrnm 1 2 eciaie©mfi^G a nis© 

[It*^ 1 7 ] »fflsXS*teJ:0*RSS^©«ffiK:*jW 

©i«^ *^ 6 tt ^^(SiMiagn©^* 1 hmcmm<o, €• 

©¥[S^ ^mfcltffiSKJtT-Stb^ 8 0 %JW±-C£> 
•3. aiHCiIJs£LrCiSC£?r!t$t![£rSIiJj<JIl 2(C 
iei£©*^^ a G a NS1g©M^tt. 
[89*3118] mt@»iXg*Si>*l!XSS©aif{C*>WS 
H^7cWtt7r-fev h®rt>£>ttSl&gfc'f h*}<fcO*^© 

ji^f*©-r^TAsm^^Lr4so . ip^WttfiSg^ 

ft(cffiigtt^mSfl£J3;fcttUC i *«FS»iT SiSlRig 1 
2 K:ieiS©^*S^iG a N2£«©S?iS^tt. 

[ i 9 ] mmmkv&ffiictew s«gt»i 

RCX€-©tg£f***7 7 -fe 9 HA^fhfciM^tfC 
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[IS*JI2 l ] mtB^ScD^gRffi^MttPJr^: 

0, -e^tt^Rfia^S|5(DmS^ i 0 5 cm" 2 OTt 
&&C££#^<hT£li*xii 2CCie|g(7)#^GaN 

vhWWnO" cm" 2 etTTtSCitftftiti 20 
fg^rg 1 2 iCfatE©m*SSG a N*R<D«JS2Fffi. 

i C, Si, 7s t**;k NdGaOa % ZnO, Mg 
0 4 Si0 2 v Ga A s v GaP v G a N, A 1 N<Dl> 

-rtifrfr *> & £ msase jbcc iss s # & 1 1 z <t 

■T^IS^Jl 1 2 (CfBffi(D««AG a N»ffi<DS^#£. 
[89**12 4] GaN<DSttBi£fi«\ *7 7 ^7, S 
iC, Si, 7t~*)l % NdGaOa , ZnO, Mg 

O v Si0 2 v G a A s , GaP, GaN, Al N<Dl> 

*»»i-r-5fi9«Jil 2CCie«<D^ISfiGa NS«(DH 

K9**s 2 5) g a NCDmnf&mZs gkmtmnzv* 

I^^t^T. SiC, Si, NdGaOj , 

ZnO, MgO, S i 0 2 , G a A s , GaP, Ga 
N fc A 1 N©l»m^6ft4*B»»«±«:jsS;*Sl* 
*Ct*«ffi«l(l*Bl 2(CSBtt®«t£AGaNS 

«(OWJft*ffi. 40 
[fS*Jg2 6 ] G a N<DS*B/&££, affiffcHPSB* 

V-7r^T. S iC, Si, *tT*;L\ NdGaO a , 
ZhO, MgO, S i 0 2 , G a A s , GaP, Ga 
N, A 1 N<0t»m*^titt4*l£iiiS«±«:jiJESS 

■f *W«UfcCtfc««±T*tt*J«l 2CCKtt<Dflitg 
AGaN3S«0Kttfi;&& 

[sS*TI2 7] 'GaN©*««g6 ( -^r^T, S 

i C, Si. ^t^Jk NdGaO a , ZnO, Mff 50 



2001-102307 

4 

O, S i 0 2 , Ga As „ Ga P, GaN. Al N<Dl> 
m*§AG a NSfi©SJIM. 

[§9*3312 8 ] G a N<£>m*Bf£§£, *fflCCHJPS|J* 

* l fc# a» * iM&Mfr 7*m*:mi,ic. 

IfyyJT. S i C, Si, Xf^Jk NdGaO s , 
ZnO, MffO, SiO z , GaAs, Ga P, Ga 

W2 7 fcCttOtftiFAG a N*«©»it*ffi. 
[89*112 9 ] Ga A s ( 1 1 1 ) ffi]±K:^X^JI£ 

<, =#roW&7rfc* h^*#oj:5«cu 7 7 t 

MM * mm? *Cti«f«it5 -^JSa^G a N 

3 0 ] m*m2 4 , ISStm 2 6 , 19*112 
7, B*12 8 t»6tlfc«BflGa NSStllSai 

B B B GaNlS«*& 

^(*t$)^<!:C5©f^ hS** 1 0/im^6 1 0 00/2 

fCJ: D¥SaaBBt»SC t **«i-ra»»fiGa N 
[ 3 3 ] »fflRSB**5 <fc CXnSfi«CE>*ffiCcfcW 

c m?m 3 4 j atfa&wt* <fc cxfi8«a©*ffl«:*$» 
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t *<®m t r i> m*m 3 2 tcsm<o$ma, g a n sis. 

8B*©WSflG a NStS. 

[ m&m 3 6 1 mm^^m^m mx. s 

^c±MmtT?>m&m3 2 (cenoittisaG a ns 
m. 

[ M&H 3 7 ] SWB(&gf£<D3?ifflCC *JW -5 mS: f ■/ h 

4£?5®<!:-f£sS:5j<II3 2. lfjRll3 3. ii*JM3 4. 
liit<Ji3 5 . 11*113 6©t^n*HClS$K©#f5SGa 
N»ttL 

[ s@*f 3 8 ] sxmm&mvmmic i<sv -5 m& e -/ h 
©-^©^ffifStcstr -stb^^ 8 o %m±~c$> o . #>o-r 

hffirra)£3ftfct££^m£TSI»*JI3 5(Cfc«S© 
m&&G a N£«. 

c 3 9 ] mm^fs.mmm^mim'ctj: 

< . Havana hfifci£J3oJ; 5 Cc U 7 r -b 

m<<czt l x mxm&ticimR&Xf&vm-gfflz w iris 

9. *©ttt^«*a«©«tt** 1 0 5 cm" 2 OTf 30 
*> h C t Sr^® 4 T -5 M$!H 3 2 (ClBtt<Z>4U£ A G a N 
SIS. 

[ 19*11 4 0 ] ^.tBfiSgW^SSM^TMttSs-Cfe 

? hmKAH 0° cm" 2 \XT-ClbZ>Zt*mWLt-?Z> 
Si*J13 2 CCS2ig©^*g^G a NSfi. 

[iS*Jg4 1 ] ='X7tmti:7 r -fe f hM**! bfcfcf f 
h7?£>£2>\ gcW*. 7?*-; hiS^U/ck*? h©*g 40 
^($T$>itC5©t? 1 0 «m*>£> 1 0 0 0 u 

C t ?r1$®!4 -f 3 2 *»e>ff Jiff 4 0 © 

l»rn*»KSBtt<!!>#l*aG a Nif. 

[lS*r@42] GaN©fa*0(£fi£. t^Wr. S 
i C. Si. *e*;k NdGaOj . ZnO. Mgr 
O. SiO, . G a A s , GaP. GaN. Al N©t» 

mmmzmixistcc tzwtikt? 2,119*113 2 fcietg© 

*tt H lG a NS«. 

[f?S*JI4 3] GaN©«fIfiES?r. SBBKgapgp^ 50 
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V"Pr-iT. SiC. Si. * fcT#Jl>. NdGaO, . 
ZnO. MfO. SiO z . G a A s . GaP. Ga 
N. A 1 Wm*VirifrfrhUZm£F B Wfo±.K.1&%:Zi± 

114 2tCl2$)c©mfe B %Ga Nlf. 
[000 1] 

[j£gt±©*iJ/B#Bn C©^SBJtt. 3-58Hfc£«tfi» 
«c*>6«c4«*y-f*-K (LED) , U-f(LD) 

[0 00 2] 

[££*©*£'*] 3-5 0lS<f (GaN. G a 
I nN) *ffl(,»te»*^<^Xj3:, ffeLED^i'fK 

to. 4ffcM¥««MB5K^Wxa. IlilTtoHf, 
1f-7r -/7*ffll^ht#fc. t77^7 (A 1 

! o 3 ) m(oooi) m#i 6 mtvm&mh, ^©± 

KG aN-^|%©P«|^«-r *. T±©G a 

N^JS. Ga 1 n Nmmt&.iiLftfaibX^K 

«cl!<S3tft»«*WC**. C©<fc5i*S0f*5fc5^ 
P,GaInNSf&LED©S«tbt. t?7^7l 

[000 3] i C 5*5-9-^ t -f 7liKH^©j: ^topg 

m#>-cm>tm-c$>2>. ^^±«c^^©ledst?t 
MiSL.5 1 v ytcftmtzt *3i^r©¥«f*©<t 5 

^©/c«) D a n ®tBTF«ggn*5s > -,fc. se, 

fc. ?6(Ct7 7 ^7IJWWT*5. 

[0004] cnfessa^fcRasi^i^itac-r. jg^t 

tt/c^P,. jS^©LED©<fc5tcSJg/giS£1tfi<b-rS 
R££L/GaNTJlp|5£2Sai;*-t*. C*l*nfltStr*'iJ 

•5>flS©^©H^*s^ < Xim h >SC A:i(){CTiiJ^^ 
77-f7lfet©GaNf'<^a3^ Fii;«C<Cort> 
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[0 00 5 ] chW7 7 J7mm<Df$m*w®itz > tc. 

«>«:S i C»«Sra5C43W»3BShteC4fe*i. S 

i C*ffiO>JiMtCl8W*C<b*^#i. «ffi©/ctf>fe:j* 

fclETCifft?. L^US i ClttV y 7 4 T J: *) *o £.M 

caS^tefi!aSl,fcGaNfc£^^ 10 
hifffr©t*S i CMOGa I nNJKWfeLE 

[0006] ftfttt©IBHKCOliT«^*. 7^7 
S i C«S±«:GaNite H B a fl|)!l^S5-l±5c!:G 

a n £^tm<fc©w©tt^»© 5 9 ?<Dtcmi 

ffitt £©£ < OWB« xfW$/t JWBKiS A ShSo 

(G a N v Ga I-nN^4) tefcfcl 0 fl cm" 2 fecDfl* 20 
SK©fi{u#??3E*r £ t mt>tl X I > 5 . 

[ 0 0 0 7 ] S i C»«©i*£H:»#ffi< > 
♦ JWifctt 1 0 8 c m" 2 SflEOlEttWttT* £Sfo 

[■0008 ] Si, GaAsi ^©^zgf*©il£^© J: 

l>. f^'^ffSO/c^Ctt, S itt&fitt*£S#*> G 
a A s ttffi«6i4ilSa* J ^ni^ , C*5. 
[0009 ] ^JSMttflWCG a N »»«©»& C CD J: 5 

teJ««R©IEttW*or4LED4orttjE«ec«iiB^ 30 

& a SfffifiWlfeGittG a N^L E D©3l»ffc©j|&«f «Cft 
ttO. Ga I nN=SW&LED©*g£\ MmmzmtL 
[00 10] LEDibt^nnH^OT$)^^ L 
ttOMHCcai. LED«:tt^»RKimtt©mtt*» 
^RS^igJSir £ £ C > 5 m&ttb £ . Ga I nN»©»6 

**. *rraH3W**. *nwi o° cm - 2 

b©$HR©IEtibPG a I nNS(DLDO^«Lt 

[0 0 1 1 ] t ft GaN$i*r 
AV^(C<botftfcIfi(fi^ifi(t GaN*»Jlt?ft 
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ft£ 0 c©<fc5fe*tGa N#*sa^S=Ki irMr 
if 5 ItGa N«SS^bh^o/c*io5 
iI»t^X'^o/^©GaN$f^cn$ 

[0012] H(*Wt4*ftI<»0rfcGaN©B*jK«:«a: 
t»f^«lTL^5 e GaN»iffi£l>5i©;&*C*&t> 

l>. ffiWBEfbTilBB (Sim) 4Hffl©¥fBtt»3W?¥«Fr 

swriSsbftri^^iBiffffiEarGa N#ea*» 

it*4C£tt««>r||lA>. fc4*GaN*ttft*ijBj* 

[0013] *^#BJ^±©W«*coc*r««*l/, 
«i**^^*aLTGaN*««Ji8fi3**C tfcj: 

^iWftSo 

J0014] ©W9-2 9 8 300^ 

0 -9 0 0 8^ 
[0015] CC<tor*jfB9i*©^^^^fltfiftS:a* 
LTl>S. CftttGaA sS«±«CX h^-f^tlC^ K 

*ati«fiJ-frGa A slfii^LtGa N©g a %* 
n&Jj&V&Z. Cftttl^GaNSfi^rflFS^Sr 

[0016] (3>^gH¥ 1 0- 1 0 2546f 

[00 17] tC^-e©J:^^GaNS«4«*Saccffio 

Jib ^X7^XltiafS(DGaNIS^ 
•)Hi-r*ffi*«*orii*. Cft6*RW«©9f«tt# 
ffifC<fcoT. GaNmJSSS^©^^-^^©®^ 
tTJ^TTpJ^tC^: ->/c c G a Nte§*P*m#&£^/5> G a N 
*:X«fctt* tf RM©raH*EIKT?* niG a NI 
«*«ft*©r % *©_LK:LED*flE0. n^GaNIi 
©J£8Bfc:n«ffi£HWSC<t#r#a. (Hi— ^M±tC" 

IJC©GaNlfitt«ffit*S. LDSSi-r^ia^it 

pam «r^ss s5 - £ -r * t ± *sr * s©r»»^r * 

5. L COG a Nlfittt^ * ftfWH** o r L DI 
[0018] 

ttot?fc. SEt^«iaffisc©a*^fl='rfieffir&u- 



C6) 

9 

[0019) m^o^&rc^ xF7-/ yj&tit<D-?x t> 

Z&m It7f7 ;UJ&S**f otfcGa N3tSfl<D«£ftffi 
ft.(EPD) ttl x l 0 7 cm" 2 JUTfetitt'&ftfi>~> 

fi^igHDG a N*U-tf*fpS«:ttG a N««CDE P D 
ttl x 1 0 e cm" 2 e*TT*SC£#«<»«ftS. 
3!SftSiiabTC^U^J:«3 fcS6(CEPD*5ISrTCf 10 

[0020] 1X10 8 cm" 2 «T<D<K$ifi<DGa N 
<fc 5 ttifittG a N**«KRO«J6*ft*a«-r & C <b 
[0 02 1 ] 

[0022]Xh7^^m*6fflUt, GaN<D 
tf. 

[0 023 ] ©«^«*Riifi^^iftS3* v o 1 . J 8 1 
-C-I K No. 1 . P 58 -64 (1 9 98^1 
ft) *\ 

K©e«j mmmmme sntmmp 774-779 30 

(1 99 9) (CEiSStlTC^. 01 4-131 71C-£<D 

is***-*-.' 

[0024] 01 4tt-9-7r-fra«©±«CGaN«rfr 
ttG a NCD [ 1 1-20] ;&|nj«:jSU?S>* h 5 -Y 

<&&7^»X^&flE5609€CjBRiSS«%CO (11- 
22)E (-1-122) H*sffjfeWCCJs8fi-r i. K 
^6Hft^GaN<O«R**SCC-e-Dr0R3ESti5. 
*>6<Dti&*SG a N«Ktcg|fr«^n*. Mfttcc J:ot 

«7x^K»6«»tiiLT:tt^ini(cEEcfrff <• coral 

1 ( 1 1 -22), (-1-122) V$>& 0 Ctl&ffl 
[0 02 6] ^^tBgv^ ^»e>©Scfii30^x ^ 

<DW$v&mm&i>tcffiXffi&-c*z>. mi i ^ so 
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^flcffi (000 1 ) Kitel^r, ziycTcftfejSfi 
[0 02 7] C<D»£ % B^l^ic(Wffl(,tvX 

»illE{Sre*5. tC 2 (D±&mjjfa (ctti 

[002 8 ] ^feiEcD?R^0i](5)r*«, ^^^ago*t?s« 

<L i kte/J\;* < & 0 , 1 4 0 m mgffiJjLLte 

otGaN(Z)EPD^-f{ci 0 7 cm" 2 <7>^-^- 

(oooi) iT^cb^ cffi-co-^Sirari) 

[003 0] ^X*±CC®0%l£fitt, K«#6 umg 
0fcRKJ5*O. 2mm^e>0. 6 mm^ta^t 

[0 03 1 ] IEfl[^tt6tt^fl(BSI(Co^r 
[0032] ^ftlt€>, (S&f-CfTfotirir^MffiAft 
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«fc5-ofiflsiA**>-5>. mmf&&tf&&uminsir^ 

T. Ga A sZmfolCTZm'&mmvtctbGa A sii 

Better. GaAsSraEigil/J^t-rStJ&SraK 
Ho iTtf &«B*<*&. *IMI§*ttG a A s 

aNJ&Bf&fiHiiitCGa A sSH$rBfc*r#£. C >HO 

[0033] ST. teftomjHKRa. Kttfcfttfi* 10 
•f Z> KB. - J3 H£ L fciKa* 5 J: 5 £ fr© 

[po34] #mn%a. ti&v$wm*i&&'t'tct> 

[0035] Cfil^tt«|g«ft£3e. C*l£l*3£3-t± 

■td £ jg&fi&ft &?t 5 c <b©r- * 4#a«:-oi»T Mat b 
[0036] ■^mm^im^^^^^<ox-ittj:< V 

y^v hffi*£1*5 «t 9tt&frT|gffiliJtfi**T l>. 7 r 
•5>©-C&£„ 

[0 037] ^ibjbb:? r * h tffl«:iifuyS^mfig* s $> 
£ii&i>i*t>--5fc©r-£>£. liSiS^T-fey Hffltt«»*» 

y*>vv m<Dmmnm(Dm^m i&si. mtm^m 30 

"cm" 2 «T©fKfsfa©fc©£?#5C 3 
6tc3?< ~c#C £«: 1 0 4 cm" 2 ~5xi0 a cm 
" 2 ©ic^^SKte^GaN^a^fefFSi-r-*^., 
[00381 CCVm^Zyy-bv K®it^<DttciS 

-CUW-mm ZMtt 1/ £ -1*5 <fc 9 «CT 5 . /c>0> 
$tM^Iftl«(4©G a NttA£lft&3 1*5 C t *>< 

r * fc. c n*> p>immG a n stg£«js-r s*#«jft£ 

[0039 ] *ftiOGa NffifitiiSB >X<D<fc ^ &tiE 
(l ) ^y-fe* hM^#7Tt5 hB5£?gi$;*-»* 
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X-f&&$i£2>C £. 

(2) 77*5 hffi\tffim-7yk v vmLamvcmm-^: 

( 3 ) \m.<Dv y -fe v vm<ntz&x:$>?>&m**m-$-z> 
ct. 

dh(CJ;n.-C 1 0 8 cm" 2 WTOfSIJ&G a N*Sb1* 

[0040] ^occ<c^;s-ra5.2.^6^L<^'r 

2>!#g***-5. 77t? hffi<tl>5©Bi&S:£f!Sj«:gfi: 

[ 0 0 4 1 ] G a NB/v#JI*S (hexagonal) T*57)> 

3 *§»©aia CCftt-ftr 
4!£$&©fUB£]m>5. alt. btlKl 2 OJgfc&LS 

sbsssia* (a = b) cn&(ceft-rae»tt«*a«t« 

-C£>9 a$4<h^b< ^CC» ( c * a) . a$4iblft/dWC 
Ba bS©;frfr£^-r£^fc:#fW£rtSft< &£©-e4>5 
— o©#*ffl5c-rS. C*T^{5{Cdfiii-r-J». a. btc 

tcfo^ — 3^(DWd^rzSAl/fc<D-C*)5^6Cn6B 
Sl»(c3B!StTttV». — 3© ;s F}fMSf ; £4ocD}i^[ (k 1 
m n ) -CWkM LfcifSi, C h«Ii> ^S^r 1 & 
g©i!rtSa$i&. bWl. d#. ctt*^J5.#.©M**»P>© 
Sigft*ia/k. b/U d/m> c/n-C*5tl^C 

tT*5. cnB[fi!© B H B s©Ji^tPii:sssrife5. fc 
fc"i,a, b, dmz¥-MWc-£&n2>nmtj;m.n-cz>z> 

tfth. k. 1. mBSfitfft< l ?i?«Ek+ 1 +m = 0 i; 
t^-9-A;l—JU*5$)S. c#(CHbTB:£:£ifP¥(D»-£ 
iHCT*4. IBl^^t^f M*5 c W(iS Stents 5 
t^c^lfilCiiSSj^ni^^. /c^64-o©J|^©^^ 
f!3-otcoc»r«|5|g5t=tif*tt^$>?,*«. f^^>?><!:o(c 

[0042] m*<omi;mz%^im. (•••) -ca^ 

^W^c £ t» s ©n&sffi^rii^^o^^-r^r © 

T5. tea*(ttl5IWB»«:J:r>"C»!H-r4. JS^te 
B*tltcffiitttBfI©JB»i lsl GfiSS[5rO^ ^ . HS']©# 

ffiBftfiHK [•••] -c*6.bT„ m^mmim<-> 
vmairz. c ne)©*BifSH B B ^©sigir * 5^fgsL* 

iBW 5fc*SiTO b/c„ ^ ^©^^^^©iK:^^ 

ii^r^-r©*5ii:?ifii^K:^ «3 -^r < rsss^©^s 

0-Cfc$>-5»„ L*^gJ^©±«:«$.« ; 5r?l<W*sr*Jit,» 
[0043] clA^rrsitcRSgsii-sttr^c^tto^iS] 

77*^ h Wit c BB (0 0 0 1) Km/d<it,>5t £ 
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"C£>£*»£>. k, 1, m<Dl*-rtifr&Ox:tj;Vti&y T 

[0 044] {1-212}, {1-211}, {n - 
2nnk) (n , kttSSR) % {1-101}, { 1 - 
102} , {n-nOk} (n. kttfflS) 
[0 04 5] ttdfrftS. 5fcSIM>J:9CC {-} 

ffi©^T?*s 0 {1-212} Htt, mwimc io 

«i (1-212) t (2-1-12), (11-2 
2) % (-12-12), (-2112), (-1-1 
2 2) <D6o<Dffi£^it? 0 C<060(DiMI (7 7 t^ 
HH) ^«^tC^52frAAi(tJ15t^(Dt-^ htJBfiftTi 

(i-2i2)©77-fe 5 niiii 

S. J5*KckO& {2-1-12}, (11-22) & 
<t-<L?tIgOT^T{>Cttl£ {1-212} i±<R10S 
*<D»^*WC*S. 20 

[0047 ] ^n^J:^rJSB B a rt<Dii{4^<D^^^ 7 

[0048] — ««cetto)iWf -r ttaiffift<D 

^(CMT^> 6 GaNtSSOW^ v^^Oci 

[ 0 0 4 9 ] 13 1 4-131 7«7f7W-A-yp- 

#x.^/^fc^-SJ10iM^ o HI 4(iS*±CCVX^ 
«rfc5W/c«J!r*5. HI 5 WK«<D±CCG a N£f& 

fis-a-fcttflssrisr. ^x*trffl*>n&<r>aii#tcGaN 

&=ft»tt«:GaNISfl*«T*&. IgfattKoBC-Llol 50 
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*(D±te(DtfO filiate (ab») fijcIT^. JEffltt 
G a NI*»*J*lB»<D*jaTffi^Ur S 6CC±lfij*(CfiS 

t-A'->/ci^x{itl^?ffl (US) tctt«J:9 
[0050] **Wtt*lffiflSft'Ctt < . MOttcr)^ r -fe 

[0 05 1 ] (1)77*^1^*18 06617(0 

tr. stc^KgscjT-fe!. KSiHi©)&-rftS3&s 1 8 
-efts. m*ttttfcMar*i7T-k9 ¥^ 

[0 05 2] L*>U77t» HSrcD^g^rSlA. Btt 
7yfe?HFa, Fb tc:Sr.-C tcmn*iSm<<t®B Utc 

61$«CfittjfeI> i t » 5 <fc -5 ^ C t itm C h tt i>. H 3 W 
[005 3] (2) 7 r-b 9 Ymft&&\ 8 0K«±© 

1 8oa«t*)**t>i8^-3*«)aHf«««i!a«:ttori>s 

*S^-r*-5„ 04K:C©ct i 5JtcJS^5:m-r. $4^§R* S 7 
r-fe-;HFa. Fbt*!,. ^i*lft«J^tS;g*(Sj«cfiii 
^|nJ-C*>-2>„ 7 T-fev hffi-C©R£fi^rSlA. B«7r-fe 

(C7r-L'^ ra«<DfiS«*l6l <t $K(4©jiitf JSM(C 
iS:MJUrc^©*^f. l«**l*lA±«<S^T*|6jatt*9! 
Ol>*iCti€.«l*)(!PJtciRS-rS. 7t*9 hM*Sia«:*B 
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[0054] *Saift5£ <b ^KlKfllMinlKkJIRcJJFr 
BCcRifeSftT^r-te* hffl^6rBx.r»9><o Steffi 10 

(c^c«±cca* o r «5> < . . i£frp>mfr?> 
UtfiC*«:fc*or«)<ci«:tt5. cnM^OE 

1 8 0g«± (ff A) -CititfsSJrcoj: 9tttKfiU« 

0*5 a H7l*J;5fl(*n*7 7'b 

v hl©*^ h) *»»r^». 9mtC7r±v 20 

SSB(catt6ft^. H4~66[><fc5ttIHSB (t> h) K 

McmmVitStTZo H7W (1-212) m<otzT 
lAftiEGH I J N-Dt£f£^-r£ 0 H8ttfy 

$>£<> tT9 hrtrttflEfi^rfijA. B-kt-E-cDMKiittfta 
*tuii:^T^^]-c^)5^<J:#^e>n^o *m§asiffi-c 

A, B-CC?BorlEfl[iattSiEyrtT<. FaTOifi© 
iHfi^lo] a 6JA <h ffit*6. F b rcDSEfiKDiSfT^I*] 

pj— afi-cisfi-r * e scat w *>**r mm m «: m a . 

[0056] «IMintajLtRfi77«9 hffl«£{i 

\*-£<D$Zm*6 0E&7?ft£fffitf S^S***&. cn« 40 
* a 0 >. /<£ * 6 mtiit5 a>8MB m^ot 

[0 057] |||«ecB^iS»«:±«:iaj*5fiR*3Wtoc o 
tu£<d-c#&#>£>, ty K£^orotjgoT$><. 

OtLX. Vv*zv hBir^SiiS^V s i n 9~C$> 50 
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[0058] &m±mmy t*? vm<o—mfm<z>*ic 

[0059] jfcfttti^fcjBc 6 % *SHW*lCfc:* 

* D (DTJi<Dj§LWrt~ 5 tttfcKB §15 L r & £ . 
[0 06 0 ] ^ffi*D(Ctt, ft©7rt ^ hM%l?^6 

[006 1 ] ^tt^«c*^ufc|glfttt£a>^iBtt«Si 

m>TWHW>fcB (IBttfcB) KfcMSU /httfttt 
[0 06 2 ] RffitJIlftfcWttOiB^B^ 'MBtftttlik 

omi§rr*o /c^6ffis<b t t(c^B«s*J«^orfT 
[0 063 ] mmxm, m^mtezxmvm&ftvm 

/h«flttlKt^©iB^Btt?H^r L* C 

[0064] * /cfiRfi^frec J: o ^ffitfrDffi^ 
B. /JM«fttt». Sttt^B^^ftoWacc^JKolE** 

©^D^-W^tfl 0 4 ffl<DSSfl[*il«>5tTn 
tf x x^b'-; h«l 0" 4 (CS£4l>5t <hfC«c4. 
[0 06 5 ] C *i*-C*«9i©IEflEiS«fc#ft*»b < jfi 

CD— SPrt cmf&m<D%m («ffifiSEfi) CCD 
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-c«4>-r £ c t i -c^> & . 
[ 0 0 6 6 ] 13 1 1 KtSStDJKKrffiSrm-r. s ** 

& 0 c Nj&MS s <L , ? r -fe * h fiSSSUwOiftUi* a i 

rtt«ffS*i4*>6>. 7 hOSffrOEPD^ 
t>. EPD = Qs/ (s+w) il^i56c&&. 

BMitts/ (s+w) r-^££>ft& 0 cn«#^-«fiu 
WWfca^s cfcHi/ioooo 8tt©**wa«* 

[0 06 7] COilCBirfc. **qB*6*R«CJ5*tt 

[0 0 6 8'] GaNISaa>Btfi«:*5l»r. 7t*!7K0 
JftflMmctt?Fr&. W*.K, NH 3 ^ 

[0069] «*ttJ5S««ffl[3&«Wt*S^ttiB«:tt «3 

S^iltm £«BMES b^>T <7T-fe?h#iD«c< 
Cit?fti. N Ha »ffiMEl>±§BB«Ctt9*rc^ o 30 
5&&05C£r&&. HC l#EDWS^H«ffiKtt9 

C0 07 0] GaNISftOfiRfiitiK:, ttt£<D/£S3M$ 

XftStt. «cD«t>W3Sfi(i«car7T'fe7 hASe 
i^<d£^k: r? T -fe* hRKAHSj <b<fc.&. «&#£B$ 40 

ttffc*^*4C£**r#s. ttMfflBJhra«<cX3<z 

(ctbW*. i9lffltriftD*ilBflItcOWia**tf« 
9UCte&. ttftijUCHacJcffi* (x, y. z)*t07 

it? hmtnfkw (x. y. z) cn« 

(x, y, z) **7r-fe* h05Sg|5»^e> K *9t?tt 50 
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w <x. y. z)=0 j£(x. y. z ) 3&««ffiffig 
w (x. y. z)=l (x. y, z)ifiyr^vb 

^X7&OBBi«ttBB»W (x, y) BMrii (x, y) 

(x, y. z) = 1 JtH&ftti, * (x. y) <DW£1 <b 
U z^ffiJOi'CKfe^T'-fe? KJSSfijWtt/Pofciff 
tt, A(x. y) ©W*0irSHMrC*4<hTS. 
W(x, y)=max, {w(x, y, z)} 

te^z^tDiC^r^T^yhfiSfiL/Tl^cit^C 

<hr$>^ 0 Mn^rw (x, y ) = i t?tat±mifi 

^rt^MK^ttOCir^^ tct 
iSIiftTW (x, y) =ir*o/cilttffitO 
z«ca*-rSxyffit?^-i*w (x. y. z)=l<hfr£<t 
l*9fe©TttC>. &£fl$8ij (*^xy-Tl) T>w (x. 
y. z) = 1 4tta^3W*liil^J:5ac*«3W*n« 
»i*»"CW (x. y) = 1 fcftS. 
[007 1 ] 01 2 1**0) J: 9 ftiA^DAASOWKS 

T? c WfiRB^to Cot t JEtt^ffi^at^-CiECft^^E 

ottii. h i 2tctei>r£«aaj (mm!&&») r^ot 
[007 2] hi 3«i»o*^ffiaafcofcfc<or*s 0 

ec <ail6) Utt^, CCt7 7-bvh^S^C-5© 
rjfi(Ett{tS*ii. J&l8«iS«fefl=tSC*Tc**fiS* (ft 

[007 3 ] tt*ifi]«c*r 4*c p r -fe ^ h 

Sr©7 r -fe 9 MnmtCo^K: J: oroftS 

*«c J: o r CfiL«IR«99B(cM * £««*6CfibMKS 
<tc^«W*ur*fe*s. Wj:677-fe^HlFi 
^M<DMS (W-F) «c»SfiI[*JJtWE»Sti*KW©J: 

*mmn\iL* 1 o- 4 -1 o- a <o^-^-r 
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[0 074] ^t£v 7 ^v h»&g©j?sM£-^x.s 

C 1 rxH^-Bf NH» ^E?r±lf^>, J&giIK&± 

if stt£©c>-rft*>©#g*B(*iw:fti>. a/c7 7t * 

[0 075] C *) LX$m*&'J>Z&'i^-&W(DG a 

[0 076] !U±{CUiBJb-C#fc^HJ©G a Nfep^ 20 

(1) 77*5 hM£?7-fey h®£©JgWS|5'M!K{2[# 
^SAT 3 C <!: (C <fc 5 ?*&©{£&„ 

(2) l-ffi^WTg|5<c$E{4*^^tSCt{CJ; 
^PSiffi (ffitt^RSS) ©TIM. 

(3) HB©«^r*^a^i{c*ttt4K 

( 4 ) ^»jrFSW:tKfltos|R£T -5C ttcj:^ WViXKk 

[0077] cne»©^ffltcj:or. *§tw\*. 

D ©gBffl'J-C— o<Dx »?f^i f+£? 5hS. *> L 

©?E{u£»ff-C££<!:-r£<fc. l73tf>tC10" cm" 2 © 
o /<:*§•£-. io« cm" 2 (D^JUC&tiL&m 
'PisHZZtlfiX'isZ,. 

[0 07 8 ] «±. ^PJ©»*:e«J^SI5»?rl5iBJL'it. 40 

&^T£/c <fc 5 «C. »*Sl&g©l£ganf aW-MtKPJ-Cft 
<. H^lfl&^fe* M8i*£&->fc££. 7rt^ 

ffi^-T 'J f> A©tSS»i£ga-C4) S (If* 

[007 9 ] =>XtcWcC7 7-fe 7 M»j££ bttt, 7 t 
■fey H*tt5t0itttt'» hr-*>S*\ gt^t±7r 
fey hM€rWT4fv h©*S-£(fc&<i'£:&n*-r£ (!§* 50 
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[0080] ? hlC^fmit. 7rt? hf»j££fcoft: 
7 hffi©i£frat?^W£rJ&gffitC*tLT 
tiSffiStc rat^©^lffi &m b tt ifi 6ii(4*<EM-r z>m& 

B ^^t^>;^A©iSSfiSSS-c*s (ift*JB3) . 

[0 08 1 ] fcSUfcfcfcffefPiW:. ^ r -fe.^ M#j££feo 
fc$ £ . *gg!i©:7 r -fe v h M©^ffi*-C^Ptt)lW^fi5iSffi 

[0 08 2] figgf-y hi/jrSH^i. (11-22) 

rB*5-e©fJ!iliii<b irifc^ < ffiJSirs. ^£6 -o©i§] 

- 22) ffiKffl$ttfc&Aft§Ett©t-y hi 

&sctw». {l-ioi} M<t>itim-??>z 

^©J*1=r«5fe>ili© (1 1-22) t {1-1 
0 1 ) iCj:oT$!l 2fttttt<2>fc?? 7 

6 U l > i 1/ O o 7t. 7 t fe » h ffli©irj:!fa« 
(11-22), (1-211). (n-2nnk) 
(n> k«HS!() . {1-101). {1-102}. 
(n-nOk) (n. kW«) 
[ 0 0 8 3 ] $:fBHJtt. 3 6(C$fc. 7 7 fe y h fBjf £ 

•fe? h«JS*>6«c*e?» h^fiXL/^ftfJ^fiXS^rSKc 

*} o x temmm.ic&w<Dxmc>m^z: m lx . $£& 

«>ofc^. cn6^«©^n©^si5ii. b'v h©s 
[0084] ^mm^tc^XTmuv ^s*^ 

^5^7 (•©. 7 7 -fe? hM©l^l?^©TSI5(Cwffi« 

©M^RS^aETr^xt^^fiSs^i+r. lE^iSM-r 
smfSn^fbTyy ^A©js B B B ^s^-c$)^ (iga?Ji 

6) . 

[008 5] *Hitt36{C, =^7td<]/i7 T -b „ 
iA^SSf* h^ii*iiM^ftJS-C*>.2>tS^fy h©7 

7 -fe v i~wm&m<DTUt<c&&Tz>i$wtRo>Mxmm 

[0086] G a Nt£J&l$£4>CC. 7 7-fe 

h BIflWMET4««*«*|fll«:a!{fc3 i*. ffi3K©if©« 
feJiccte^T&i&g^ia] (Sl^tai) (c-7 7 -fey hffiiRKS© 

{b^'J0A©J£S)j£gffi-C*2» (IS^?IB8) . 
[008 7] =A7cMft7 7 fe y hm^^^c-St'f h 
©7 7fe 7 hffit* {1 1-22} Mr 

««IBiLlC(?CE-rs^M1^©M^KS©M^fitt (11- 
2 0 } X3>Z> (IS^JI 10). *©t8^. ^MtKffi^ 
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1) . 

[0088):7T-fev hffl*«»Ltt*J6flEfiS*-BC 

[0 08 9] **w©iaa[fia©jtt»*»4fc«)ecta: % 

<D§t3olH]£iSli<DIi1» F <DJt^ F 1 0 -5 

(»*B1 5) e Ct-CZ^7cW7 7 

[0090 ] — JHSffl[fi«Sa»«:»Sfc«>CC«, *§t|BjS 
WfcStS7T-b9 hffl«FOtb*F/W*i4 0%«± 
t?*SC4*«*U» (»3RJI1 6) . fcmmotc&b 

[0 09 1 ] <fc03ffl*WW:lSfi«ra^3-i*^«:tt7T-fe 
9 rSBStt£8 0%«±tcf4W^*bl> (M$JH1 
7). 8 09*«±±&S4» ttftt^ h*64477i2 

[0 09 2] $ 6«c=^tcW%7 r-fey hffifcStWSfcfi 

**#«Ebtti» (f/w= 100%) cttnnenjn 
izmbmu^ (my&mi 8) . 

[0 09 3 ] «±Cca^/cfcOW^fi«IBCC3Hn^fc© 

hjp&ar&tt« a cft&. try nBwwiitt*fflft 

[0 094] *S8Wtt, «*BiSft«©«liec*jW-5JsJE« 

ftfc*ia**-r*«te%i«t* (tf^iii 9) . ihi« 
1 o%«±r£>o. ^o^-ccoffif^^r-by bmfrh-i' 

(fS#Jf 2 0) q 

[0 09 5] H;X7cW^T*fey H^ft^f^ 
Ot? h&ttl 0 tim&tb 1 0 0 0Mmr*WS$ 

u> (ffl*^2 9) . tr? MstiAiOM^-rarsi 
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[0096] 

N(Dj£B&T£>& 0 GaNS«i-r5fc«$6«c3:flD<t 

cdg a NJnia«jass««. 

[0 09 7] C©7yfe* h«ig*feoTJ&RSl*fcfi 

^^«!H*W«Or¥tt¥»ft«ilB*fip^yt#ISftG a 
N»g£f#* (iftjjtgn 2) . 

[0098] ™4*^^^^*(D««JjnX«WHUttlX 
(■M&9I 13). 

[0 099] *«?8©e««fi*ftt* % «ffll3Sfttt: «fc 
GaNCDmtB^gfficbUr^. 
OH V PES (Hydride Vapor Phase Epitaxy) 
OMOCVDS (^m&mit^WMm ; Metallorgnlc 
Chemical Vapor Phase Deposition) 
OMOCffi (Wm^HSft^atBJSSffi ; Metallorqani 
c Chloride Vapor PhaseEpitaxy) 

o &mm 

[0 100] HVPESil^W, h 

fcGa^Sul/ (BfiK) ccHC 1 *RtrcUtGa'C 1 
tdfiSU T^iMO. T^TNHa iJgcE^-^Ga N 

[0101] GaNffifiK:fU5afiiUttt % 1f:7y 
-/7\ SiC, Si, *t*Jl/ (Ms A 1 2 0 4 ) . N 
dGa0 3 , ZnO, MgO, SiO z . G a A s , G 
aP, G a N, A 1 N & £<D#tkaM1gfr3lrt £ (sit* 
512 3). ^***^*C±tt<it^Cft&<D*R 
aXBtGaN*J&R3^*C£j&*r&S. -?Z#&fr? 

[0 102] ctt*|nitCGaNmJBB*Stfid#&i8^ 

^(hexagonal s y mme try) TftS* 1 
iTfj^Jfk (cubic s y m m e t r y ) ~C#> 
o^*C^^> 0 S:^ B ^cD^ (111) BB^{Sx.«HIh1^ 
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[oio3] ccw ±K»5rc*#a«. idsrs* 

CD^CD^riM^ Wt47* S i C. S i O a . NdG 
aO a » ZnO. GaN, Al N&<h*«7\^S^<DmS 
^£/B^£C<t#s-C£3 0 Si, Xt*^;K MgO k G 
a A s , G aP^il^pKo (111) rB»S£ffi 
(,>&t<L#-C#£ 0 CtlttGaNSrcffiT^SS-frSfe 

ii&S*<*4. io 
[ 0 1 0 4 ) G a NflES©3i(Z>S«tt % ^BSfcRIPSB* 

VrAT. SiC. Si. ^t^jb (MgAl 

z 0 4 ) , NdGaO, , ZnO, MgO, S i 0 2 , 

GaAs/GaP, GaN, A I Ntt£(D«BAifii 

rmzGa NisaofiRfflf tectt^r s £ c £ #a 

[0105] VX^CDfe^Wj^CCfc2fflSCD®!^K*^ 

fe9"-OttfflR©±(CT«>S« GaNIB4ffJJ5RUTtel> 

[0106] ^X^ttWOjOBBPW <B) *i#fcfc< x 

ZfovTyfofSulk (Lateral Overgrowth) 3t?t 5 /c£><D 
i><DX&Z> 0 

[0107] ^XomtRft: 30 

4MrrS*><D. cffi©GaN%ScfiS1±4tB-&« % MS! 
T & 3 ocDflWJEH ASOIHi^Crttr <!: S-CCEWf * £ 

©WHS* r 5 ^»tt-««IB*©»tt«P«* 4> 9 » 

«c. «pa»s*^y-*ttt*. 
[0108] cne>©s«*^x^*fltfflb)fcjiEStt % 

co±CC, 77-fe? hn^mrr«GaNMA«MtBHt 
t£>a<t, Efld3i<3[>**«ffliftWHi|*nXk:<fco 
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[0110] TifcBlSi±*<OGaNteS©tt»*ia& 
4»^W\ x?f>^ WBiHJDXKick-oTTiaStR^I^ 

®Lr»Mfe¥fflecjnx-r-5cifcr*-5. cnttitfc 

<SfcJ3H2 7, 2 8), 
[0111] ^<Dtc&. t77^T 4 SiC, Si, * 
t**;l/ (M g A I 2 0 4 ) s Nd Ga0 3 , Z n (X M 
gO, S i 0 2 , Ga A s % Ga P, GaN, A 1 N& 
«0*tt*iS©±«:. G a N £Mfcft#OJl;* fcftffl 

4) . 

[0112] #i>tt, «ffite|fflPW*«*4#ft»Xtt 
^fSa^^^c^^X^S^WT^I^^T^T. S i c, 
S i , *t*Jl, (MgAU 0 4 ) , NdGaOs, Z 
n(X MgO, SiO Zk G a A s . GaP, GaN, 

a i n ^ £<Dm£^m\KcD±<<c % g a n ^wm^<om 

<tfcr#£ (Ifl5}cTB2 6) . 

[0 113] IftWx^ZitZtZtfflffilc. CCDv 

[0114] mn<Dttm*m&t'r2><Dx. mmmtt 

<h°<E>tB® 5 , S^fR'J-^G a N JS^ffl'Jtc ^ 9 ^ ^ 
b^-n^ GaAslSmt 
HiOJCiKttS. INUKK*. tt^ffia^GaNCCffi 
l^6t*-5. U^LGa A sttiS«KOJSKfi«B«rN 
H 3 i©SJ£CC«fcSfflfi*SWSl». 0#CC5pfflajRffi© 
GaNteS*l?JSfiS1*J:5 <t"T *J8^JftfiCC*nJ»TS3&« 
G a A s SSttlSjBtcr ^ <b— dfc&mtbXffitiX L ^ 

CCStbTttGa AsS»U< 
G a A s »1g^S?5SCC^Jffl-r ^> C i^-C^ ^ 0 
[0 115] GaAslS (111) W±lC^Zt>mZ 

«?-(Z)S. Ga A sS4££l&£Lfcf£. SIM, S®^: 
WSfSCitcJ:^, *eaGaNW*a«*KJtrS 
^» (IS*3I2 9 ) 0 G a A s @^CD(^*«, X 

[0 116] C^L,rt#6^c^ D ^GaNOmi*SS 
^^iUT, ^^KlGaNJSa^I^^Ci^ 
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ftffiftttPffiftft-Cft < . Z^tcW^ r -h:^ h »® Srfe ^ 

St? K Rtfe* h«£ft£WUc£l):. 7 7 t? F 

mzia&&m* WiSiS*r6jk:X7-/xftnxLrTl[g»tfc 
WxniU 5F®JnXT£t 4£<fcoTGaNi|ift« 
«5:lSt^C 4 # niter** (»3}tJS3 0 ) . 

[0117] c *> oxn^ritcG a.Nmmz, miktcw 

a N St£ 4ft*. «*lJsKB©nEfi*ifii*^rffittSST l ft < 
ft TG a N*£S£ C 4 K <fc 0 IE 
Wl-rfc*), ^o^«^Pfi*6^gp<DmS« 1 0 s cm 

■ 2 trpC#£ (8|*JB2 1) o 

[0118] nv&mm&m>m&<Dffl&i3&t itz 

o*5 0 — ott, CL FJl/5*-b>^) tcj:^ 

A«rW^tCJB«-r* 4«^CCJ: ->Tttftrt»<D«^**» 20 

o 0 F4a^e>©»jetcj:*x*+>«*«BiRr* 

4, e^Kt^MiuiKSft, cjffi£j&grli 
4briiS*i/fc««« % jft^««4Lr«»sn&. c 

#©Hlv54LTfifil3ftS. /c^6CL6C4$lir*S, 

[0 1 1 9] itc. 6 5— o©*Jj£&ffitt. x?*bf* 

frftx??£? h4 0TtIzlJ3ft&. 2 5 

««:X 9 f>4fU *©»ffi©fc # v F»*#$> FT* 
C4tCcfcoTaiJS?n* 0 

[0120] a*OKffitt«l»if^ttjuniSa>x 7 7-tr 
v h 4ft£#, cn6<0«M*XRBSIJ« 1 0 /x m*>6ft+ 

Mma^*ft/cA^x?^br? N4orta^^n* 0 
ccDir^ft^ft/NftjKt^cox 9 *tf* ha)ffis*Ba»r 40 

T&4, mS4LrW10 3 cm' 2 £TF4 LrfflfflS 
ti6, c<DKH^^0*ft&x??t:? F« 
*Rcfc, aWOKffiKijBHrs^Sftxsr^bry FfeB 

3M*ft, -eti^<D^i+offiS« i o e cm" 2 yTr* 

[012.1] 

+ WBiHniX) Iil8 (a) - (c) «c$ttfc«l©X« 

S«2 1 <D_klC&tt£<D^X>7 2 2£tf#£„ 
SfKttl^T-fT, G a A s ft 4^CDS16(D(HinT^ 50 
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^^3iurGaNM B B H ^^g^s^if* 0 mm$k 

18 (b) <D<fc5Cc:7 7-te* M2 5 *i&»lc^nfclffl 
fl«C»tf*B4ftS. Sfflsbft»ffftt4Cifeft 

MOaM*WHU»nX*5j;c>*W^XUT^^ft 
^ffi4-T* o 018 (c) <0<fc5teXfio*<DGaNili 
t£S£t#&. CCT?«S-ffi4Ur^T^T^tSSSffi 

*»«: : P«>HVPEi*«C«fcoTWS2 umCOGa Nxf 
J&fiHfcJfrSLfc. GaN/lf^r -Y T»«0 2 fi«jS ' 
<DS«^r*fcC4K:ft* 0 ^©^rgtc^ h^^^-? 
X££|£Wfcfe<D (£) 4, v^^^f^oo^ £<D 

< 1 - 1 0 0>^fcWteft*«fc5K:t / fc. *^x*& 
<D4s«4/im, tftHSBOfstt^/imT?, Sffl8arat* 
7W»RttS i O z T*OBMil«0. 1 Mint* 

[0122] Z,©l«(m^/GaN/t7TY7i 
t^HJi*«*»fe % f©S«(iGaN/t7 T Y7i 
t^XHWJSSfeo. C<D£5ftS}S£>±fc:HVPE& 

/cHVPE» Wff©JSKJF©rtWcGa-rf jfJl/ft 
iR^U/ctK- HfcRWHC 1 + y Ffc: 

JUHKtefc: - *#*>oTG a F-¥>S«*Jnift"CS 

^nn^ 0 8 0 0TC»^n/cGa^- hCC*F<D± 
W^HCl^SU Gay *^4KES3-£GaC 
ltdfiRr*. T3S©WR©ififlWCttNHa /f^*»0 
Tfc*, Tv»^«TLr< 4GaC 1 4Sfl5S*»R± 
CCGaN^ittf8^1±5o * * V 1r#*tt^<T*3R4 U 

[0 123] (;<»7 7ifl»«) *-ra«*^4 9o 

■CCDffiH«:fcJ#U NH,.*^Et0. 2atm(2 
0 k P a ) % H C 1 2 x 1 0 - 3 a t m ( 0 . 2 

kPa) ibt, fifcRBSIHJ 1 0 GaN'*?7rJH 
*tt3 0 nm©f*(cMt//c. 1 OOnmi 

^©^^ 0 ^X ^<D±tU*G a N*sijti»^ ftC». 

ft/cC4&Cft'5„ Z,Stfi«^lffl* J 3 0 nm<D'*7 7ri 

[0124] (xt^*^i-^®<DJfM) Ctlh<OVm 
^r9 80*C-1 0 5 0 ^^SlOX:^ y 7 r ®<D±(CS 

zaBOtO^ftrxb-IB^rJfBfiSLrfc. cn^:t>7>A t 
F „ G4T^>o 
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[0125] O^>^0UA 



es&ss. i o 5 o # c 

NH 3 #I3E 0. 2atm(20kPa) 
HC L^GE 5X10" 3 atm(0. 5 k Pa) 

at&ma b b»rd 

RfcSBJSS 29 0 urn 

[0 1 26] OV->^)lB * 



*<mmm 

NH 3 #EE 
HC 1#EE 

&&&■/*<* 
[0127] 
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1 000'C 
0. 3a tm (30kPa) 
2X10" 2 atm(2kPa) 
3. 5n$Bl 
4 2 0 Mm 



NH 3 #E 
HC1»E 

[0128] Oy>7')lD 

m&um 102 ox 

NH 3 ^BE p. 2atm(20kPa) 

HC l#EE ixlO" 2 atm(lkPa) 

J&gHJ53 3 30 Mm 

[0 129]Ot>^I/E 

osue iooo°c 

NH S #E 0. 3atm(30kPa) 

HC l#EE 2X10" 2 atm(2kPa) 

m&mm 3. sum 

E3cfiJSi¥£ 4 00 Mm 

[0130] 0*>^F 

J&BSdC 100 OX 

N H 3 0. 4atm(40kPa) 

H C I ftK 3X10" 2 atm(3kPa) 

tfismm 3 mrs 

J&gJWSS 46 5 Mm 

[0131] 0^>"7'^G 

J&gSf£ 9 8 OX 

NH 3 #EE 0. 4atm(40kPa) 

HC 4X10" 2 atm (4kPa) 

jK£B$nn 2. 5 nan 

RRfiHffS 4 40 Mm 

[0 132] cn^6o<D-^>^CDIiXfli> r ^^^-^« 

feLLQJ: it>^*jUA<tC«fHi— ©*fl="C*S 

T* 

[0 1 3 3] aB»lS4^7^-*r*S^ 
iUA. C, D&1 0 5 0X, 1 0 ZO'CteZlbtmm* 



1 0 5 0 X 
0. 2atm(20kPa) 
5X10" 3 atm (0. 5kPa) 
9 mm 
2 7 0 Mm 



1 0 0 o-mTotmmis&voj&mttji^x^z. 
[0134] NH 3 »nfesaHccBj8-r-5<t 

5. tT^'JUA. C, DteNHs^HEtfO. 2 a t m 
(2 0kPa) r*^ e V->y')UB, EiiNH 3 #BE*« 
20 0. 3 a tm (3 0 kPa) r&& 0 tf>-7*jUF, Gte: 

«fcBK TO. 4atm(40kPa)"e*5. 
[0 1 3 5 ] HC I »EECCRIUr Sit tt. U*>7\a>A, 

C, Dtt 1 0" 2 a t m ( 1 k P a) ferpC&O, V> 

y')VB y E v F v G(i2x 10" 2 atm (2kPa) 

[0136] R D^f^^RFtt^r * IR 0 I^M i JSKSMJV 3 

IStt*>^C (30/zm/h) . A ( 3 6 m m/ 
h) Wfcfi^, "^>^I/D (5 5*/m/h) &{fiC> 0 
30 1 0 0 Mm/h^SKOflSSiSffiT**. i^>^* 

;I/B (12 0/im/h) , E ( 1 1 4 Mm/h) , F 
(15 5 /im/h) , G ( 1 7 6 um/h) ttl>-Tftfe 
1 0 Oum/h £Jg£Tl>£* 

[0 1 37 ] fiKJBKA^«C^>^ (G % F v B , 
E) tt. «LTl>it«, NH 3 #EW*<, HC 1 #K 

si»WKi>fc<DT*s. s«ec % nh 3 #ee*i 

ffi<. HC1»BWIS< 1 fflK*«Kt»ifiRfiaK«iIt» 
(C, A, D) <fc5T*S. 

[0138] Ch6*>^©*I*B»«««E0fe. 

±f*(D[SitawrfOo/cfiB (7 r -fe ? bSltfb^) F/W«r 
[0139] AftftOSBtt. Gfc^mc<£oTtB*CC 

fc<8£El/ttl>. AfMEBiWiO-9->^Didtl 0%H 
50 [gCO? t -fe * h gl^-a tf„ 
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htCfeW*?* -fe* hffitf: {1 1-2 2} ffi<hfroTU 

(1 1-22} ffi<b[5]^c {1-101} ffl^HiiiS^ 
*<DtB£-fcf9 httXl 2fttt»«fcfc*. ¥ffl» 

aNjissjs<o±^e>wBijttnL//cc 2%icmmzmmL 10 

tGa N*§S*ffi©¥fflfl:**T o /Co fffiftiXftOMB 
¥ffitttt. aia?*SRmaxl; 5nm«T<DU^l/ 
fctt±tf. (*x^) tcLfc. 

[0 142] -t©ai^C^affPfB«rtfo/c. EPD^ 

tc If > j U 4 a L/ x v * > ^ £ *> C I » x ? ? f 9 h ifi 
3!ffiCCT£J;5lcuft: 0 X9^>^cc<fcoTaS5!Ufcx 
9?-fc'? Y*Wmi*m\,>X%L?L1c. 5KzEcdJ:^0C7t 
iz 9 h»ffi^^F /WW51SR«a?ll<C>Iii»«W«: <fc o 
tgffll/c 0 cffi^e*>-i**fc«t^fc(S««ffittiiifR» 20 

[0143] 0^>y')lA 

To 

JS8fifft<D7 r * 9 hSPBWJt* ( F/W) : 0 % 
EPD : 1 x 1 0 8 cm" 2 30 

. • [0144] 0^>^';UB 

J&SffrD? 7*fe f h ftJffilftJtSti ( F /W) : f^5 0% 
EPD : 3 x l 0 5 cm" 2 

[0145] OV*>zf)\,C 

JSES«©7 r *r 9 h SPrfnfitt^ ( F/w) : 0 % 
EPD: 3X10 7 cm" 2 40 

[0146] Otr>^UD 

lSfi«©7 r -fe 9 h ffiffifRJ£$ ( F/W) : 1 0 % 
EPD : 8 x l 0 5 cm" 2 

[0 147] O^V^UE 

J&g&<D:7 t -fe 9 h SiJMfSirt^ ( F/W) : & 4 0 % 
EPD: 5X10<cnT 2 50 
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[0148] O-V-^y'JXsF 

isRfi»©7 rtvb ummttm ( f/w) : mso% 

EPD : 2X i o 4 cm' 2 

[0149] Ol^>^UG 

fiSfifSM) 7 r -fe 9 h«ffifltlfc¥ ( F/W) : tela! 1 0 0 

EPD : 1 x 1 0 4 cm" 2 

[0 1 5 0 ] cn6CD^>^*JKD0^. 7T-b9KDff 

^B, D, E, F, GfCb^Ttt^y-fe? HSfttyTto 

^MCLttGa N*£S<Z)EPDt±l 0 7 
cm" 2 «T«:ttT^6tt*-Dfc*i. cn*>ir>:/M* 
t^mfclO 6 cm" 2 J:0^3<tCor^S. 
Oi^JEPD^l 0° cm" 2 kmcW&C£-C£> 

1*8 x 1 0 5 cm" 2 / 3 x l 0 5 cm" 2 

SrjSfer. -«/>7*;UE v F, GfilO 4 cm" 2 ftt* 

[0151] ■^>7*;!/A, BIXL XZZmmLtj: 

< N H 3 . H C 1 #GE**(K < ^cSMS^ii < T ttiBffiS 
iri^ 0 iC^EPDW<tl0 8 cm" 2 fc* 
0, S^U^Jl/ ( 1 0 7 cm" 2 etb) T'^>^ 0 
[0152] **W«:K-r-5*>^BttflEftiaKifi< 

nh 3 , hc \ftEEt>m<fimmmm<x7T*:y v 

ffiUtC^. 7rte~j htb^tt5 0%r*0, EPD 
«3X1 0 B cm" 2 TN&£^e>§$]2S (< 1 0 e cm 
" 2 ) £ri3§/cLTl>£ 0 fHJtl^^X^^L^O-C^)^^ 
thV-^y'AsBltCte^TE P D*«1f ls-7)VA<D 1/300 

[0153] E P Digc^^S^^ r -fe ^ KOffSECC* 
P D ft* 0 CCtt Q . ffllf©SB»««e*<b*43 «3 i <fc ^ tt 

is i ? r -t 9 h «ia©*tt«c J: o r itttEa s n a K-r 

V$>Z>o 7rt v bmft&V>7')l'B<tCte\,>X5 0%V 
*&3^&. fel/**B«ctbWfi9>'C*+i«. EPDtt^ft 
iLtA0¥»05XlO 7 cm' 2 itt-SS^ftS. 
tC5*« 1/3 0 OCCigcoTC^e <ht^Ci^>^ 

;u b ec*s i > r Office rj: r i ^5 SlisS fcEPD o ri > 

[0154] V>7')\,A (v^^^L) i^>^UC 
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8 cm -2 , CIJ3X10 1 cm _J r#>£#>i5^f *-l 
kfi£*&»i<D5i (>10 7 cm" 2 ) £i^x.&U 0 EP 
BttA©ft3ff»tej^bri»S. Ctitt1f>^;l/ 

*<Df»J&W:E P 3Wllffiec«5>Sl± scca?tt^. 
[0 15 5] 7r*-^ h*CJ:iKffiBlJi«a*tt^>^l/ 

■^r t:^ Kw?fiE-r5iHf8ra:i 0 96<cjB?tti>. fct*> 

*>b6^*E PDti8 x l 0 5 cm" 2 (CS^ltl^, 
(*>y;UC ; 3x l o 7 cm 
" 2 ) itfc«orfeEPD*n/4 0«:«ii>Lrt^. 
7 r Hz ^ h SIWcW E PDjWO -CSffiSgattSEXiEl 0 
EPDWcirn^ 7 t-; hoE^O. 1 &6EPD 
1*2. 7xl0 7 c m" 2 CcL/3^fiTL/&l»tt-rr* 20 
SIW^7r-l2^ htffl<Dlt^te:0. ift©r* 

SrRaUtOS. ftm<D£>?l<C^:fm<D'7 r v HOC J: 

& EfiHK^tt Hifif tc t* & a r ^ r wfflJBr # ft t > e 

[0 1 5 6 ] V>7')IE, F. GUt^ntEPD^l 
0 4 cm" 2 <D*- y-rfflW^ttii tSti/c. -ecDcp 

rfc^fcE PD^/h3t,^«7 r-fe^ MHf»Jt*#i 0 
0%(D^>^;UG ( 1 x l o 4 cm" 2 ) r&£ 0 3o 
©rtrEPD#^t,><Dte:7y4r> htfc^U 0%CDif> 30 
V'^E (5X1 0 4 cm" 2 ) r£>& 0 C*l6<Z>C<t*» 
6, h«R«!*«/tiit*ffl©l 0%fIJgrfcEP 

D8S^CCW^«[Uteja* (1f>7';l/D) 3&«*0. 7 7 t 
? h Jt¥**«l >«t*EPD 0>i6««* U t > <t C O 

mm*, iSiam^sifafflrsBSOfc. fsin<7)if>y;i/r 
i«iofis«^iBr&&. 40 

[0 1 5 8 ] S/cf * h©*^vffi(0«Stt<O^RS*^^ 
85«XIB***«cfi6 0 # <OftBE*fcor3»S*tt*cBB< 
ffitt {1 1 - 2 0} r£>-?/c 0 B^lfifcMvfflfttt»& 

&ort^ci^5fiis$n/co 
[0159] «S^i8iaa'HiffiflHSSe)4Sj|&«. If > 

>oub, d, e, f, Gi*>«cKtaata*ttiar*o 
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[0 160] C<D30S«rEPD*l 0 4 cm" 2 CD^ 

r, EPD=SrS6(Cfi<r#SpJffit43&i*-S 0 J/clO 
4 cm" 2 OlIgcOEPDr^n^ CflDGaNSRi 

fflS<Riors6>ecflfffl3ttfe<Dirsfc«)«:. tbeww 

$<Dill^>70UF v Gteoi>T«li®<D1f:7y 

/Co 

[0 16 1] (GaAsISl, Sfftt+^ 

■^XJHX) ] 01 9 (a) - (c) KlHttOT2<DIS 
^TnTo S=tS2 1 <D±tC^«^CD^X^2 2£fW6 0 

6019 (b) (D<fc5{cr?yfev hfH2 5*sffi»(c3in 
K-ffi*|5fe*OrGaN*§&2 7 4B( 0 ^ OKQ^ 

ffi^pfjijflnxfc <fc o*p©jjnx u r ¥ffl¥»&«Bi ± r 

£ e HI 9 (c) Ocfc^CC GaN»#(D»ISa2 8 
£<> itSW 1 7 7^SSt LtG a N ^xn 1 

R/cW SrfES 1/ /c fc ©r * /c 0 ^Kte--o<7>;j£ e ^ 6 

5tC"T&. afi©±T©ffiH©»l>tt:J:aE PDOtffii 
**DSfc«>r*S. */cf7 7^7li'C/j:<GaAs 

[0162] 2>f>^ (1 1 1) GaAslKDGaf 
((111) aKfel^) £figJBb/c 0 *7X^iC*r^> 
/ctf>, G a A s mM<Di£mc S i O z B*^7X7CV 

/c 0 

[0163] vA#m£ffi*0&iJ(fiiT%m-e&2>&, C 

^l^o G a A slI<Z)< 11-2 >^rS]^C4 (imt'v 5T- 
n^JtclS5»jL/, 3^o< 1 1-2>^CC3. 5Mmgt 

flW»J*»W*. Wffi-rS^JCCJSTS K > R*< 1 1-2 

<i i - 2>jjfa<&m*)i&?m&ti,tc 0 o^ofigf 

[0 16 4] F«;hIWt7^^eMl/cGaAsI 
«*c, HVPEffiiCiotGaNA'-^ylixfSS: 

CCG a ^ ^ Jb*iRSL/c#- h 8 0 0 -CtctoHftb 

HC 1 ^«ltGaC 1 T^<DSt§«i5 
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««lfflJSJl**«Iffia«IJS<5: ft o r to 9 % Xjftfff 1 CD££^ 

[0 16 5] (A^7l®»fiE)GaAsSfiSft5 

0 0"C<D{£SK:{S^ v NH a #EE0. 2atm(20k 
Pa), HC 10" 3 atm(0. 2RP 

a) tUrft3 0»IHIGaNMt«:^ftSttfc. vx^t 10 
OGaAs iBUiSBO*^ 8 0 n mJI#<D A y 7 r H# 

[0166] (±fm<Djtm) GaLAsmmoumzfo 

1 OOO'CKUitfr, NH 3 #E0, 4a tm (40 k 
Pa) % HC 1M3X 10" 2 atm(3kPa)i 

otc t&mtimitm 1 o o mmx-fr^tc. 1 o o mm<o 

xfcrjKfiCCj:r>r. iB3^2 5 mm<DGaN^>:Jy h 
AMmcSfc. ^>rf^ bCDJSKIttGaA s««**oi> 
/c££r#£ 0 GaN^MW, — ^CTuffJW® (It 
ffi) j&grfc<, iRgK©7 7-fe9 h#Jt6ti& 0 ¥S 20 
fiRfiSRr** cffirt>6&4{W£W: 1 0%fIfiL/*&^. 
9 0XftS7yfe? KDffSETi^iarAS (F/W = 
0. 9) B (1 1-2 2} I^6^5lAft«K(Df^ 

[0 167] CW>3'^h4, X^^-^-CCiOX^ 
^XWKftJILrWJJ* (»?x;\) GaAslS 
flPJ(D^)2minJl(DSP»i, fiSSffl(niJ©^j3 mmJ5<D8B# 

ttwoisrfc. iS?jt£fflf§»Dxur, srawTSfc 2 

WS3 5 0 MmOGaNS«*^2 0tW#6>n 
/do 30 
[0168] |p]— <DGa N-Y>n ^ h r& or 
J:orEPD«I^ fCtGaAsfSlMl^i 
^ <H) % **SRO^X/n ( I ) % BSfifflflPJtCiat^J. 

^ <j) ©3tt*RoauTSt««i &mwG*mumi 

[0169] 

Ot^>^l/H EPD:8X10 J cm" 2 
Otf >?*;b I EPD:6xi0 3 cm- 2 
Q*>^J EPD:5X10 3 cm" 2 

[0 170] C©<t 5(Cg«)tfiC^ P D®W?P>n 40. 
/Co SSttffll©»^*/jNEPD**l 0 4 cm" 2 r&o 
/c#, ^n<f5ftt5fil^t*S. NH 3 #EE (0. 4 
atm(40kPa)KHCl #K (3 x l 0" 2 a 

tm (3 kPa) ) <h fclCiS< SKte<S< (10 0 0 
•C) rll««l©*>^F4EISlS©J5Siaifl=r > * 
4. 

[0 1 7 1 ] WB»©-5i^©*ffi*IBSr*t. x? 
l£#>6. X v * fcf 9 h CD^te. ISSJ5£gB$<D'7 t *fe *> 50 
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[oi72] ^ccw^ccsnxi/r^^f^asiyaiam^ 
^®^c«fcor^r^<^l«oa^LAi 0 x^tr* 

hCD^gpr ft 0 7 r *fe h 6 & 5»aRJEfilfiip(OJ5£fi 

6 0 «: t r> r #a Lr c * e v b tp&mtiB. 

h©#»#IEAfl»tt*6^rftr % A* 
^{saB8j*«coiirttia«rft-Dft:. 

[0 17 3] C(D<t5&ffi4a&filEfil[GaNttcn*r 
±<&&L,?j;fr~?tc a CC7)<^^^fS$E(4<DGa NSft^: 
«MUGaN3K©LD4fW«i fi*ffr<7> U — if 5* 

[0 17 4] [HttW3 (^y^Tlg, J*tttt + X 
*ftll) ] B2 0 (a) - (c) (C90MI3 0XS 
SinTo S«2 l«c±«cK«*-<D^^2 2«tttf&. 
fflBfcW^WT, GaA s&ifjtaossoipinrfe 
^^5lLr/1^^4GaN^ B s a 2 9^mta^g 

S3 1*4*613 2 0 (b) ©<t^{C77t^ Hfi2 5«* 

f£C<t&#>& 0 f*©4JGa N*£JI2 9£Bi<tSig 

WBiiJ^te<taw»mor^ffl^p»sc*BBt-rs. h 

2 0 (c) CD<t5Ka»tt©GaN##©$7-)xn 

3 0, 3 1, 3 2, 3 3-«ft&. ^)2«GaAs 
SKSiotGa N L X ^ ^ LX 2 0 fX©^7 
X^tCL/Co ^it7t^7S«^TGaN4f 
«W0^^^Xl>r1S»tta)0xMS:»4«t 

M m <DG a N x b'Jl 4 Bf& btc. 
[0 1 7 5 ] *:(DmmiC0. 1 umBft<D^Z*tm 
<S iO« ) fcttHOfc. v^^«tt3*?*©JBtt^ 

*6 G a NmcDX&lCttLXvXZmcD&moiJJfa&m 

[0 17 6] F^ hSSttiaa2 *imSBt<D^:*3mJB 
rfciE^JKrfc^. GaNI©< 1-10 0 >>WoK: 

4 Mmtf^t lWtfZ^iJU ^o<ll-20>*fi 
tc3. 5/imgm/c<bC4CClHlD4^mf^^r|H|D^ 
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Ki< 1-10 0>^rS]CC2 urn fn^J: 
•56CL/c 0 £tx*<l l -2 0 >*|fij(clS»)iSrJ:5K: 

J&g?tf*: 0 mtM2 ±&C&WBJ8XVS SHVPE 
[0177] (xt;Jf<£>JFJj£) v^VGaN/t7 7 

-/r*«^e>tt**s©jafl[*fti 0 3 0°c^ k n io 

H 3 #E0. 35atm(35kPa), HC 1 4 
X10' 2 atm(4kPa) i L/c„ l&&mffltZfo 1 
OOBSHT&o/c. |Qtl«2i«F|ffltt|SIi;rftS*s. N 
H 3 *HI«*J>lrft< t HC I#BEtt4>UB< Or$>^ 
[0 178] xt^ + ^^^gccJ:or, WStt3 c 
mOGaN-f>dT» hffiftKV it 1t m ^HS<DfRl£&<D 

te. 77*b^»i7 0 0 /or*^e> t ?yfe*HH 
i«tb*F/WttO. 7r#>£ 0 

[0 179] { 1 1 -2 2} B4»&ttSXAAtttt4>fc: 
* hfe£»8^i**ifc. -f>=f ? h^X^X^rrfJOX 
Lr-2 4tfc0^i^Sr»/c. t7r^7lfi«]©3mm 
/5<DSB» £ J&5MfflJ<D 3 m m JS©a5#tt«J 0 JtT fc. 2 
4ft©Sx^ttffljgJJ0XLTJ?£ 3 5 0/zm(Dfffl¥» 

[0 18 0] Safi«2iraD<t^«C|SI— Y>=f v h<D 30 
SSteSfflffl^&4o/c»5x^\3tK«:tb«L//c. 

(L) % J&SMIMlciS^^ju (M) <D3ttSrBX0ffl 

[0181] 

Ot^^OUC EPD:2X10 4 cm" 2 
0*t>z/Jl L EPD:lxi0 4 cm- 2 
0^>^M EPD:8xio 3 cm" 2 
[0 1 8 2 1 AtkM2 <I:9Al>*s. *ivCfc+#fc:{fi(,> 
E P DOflsW* ^n/c. 1 ©»^»/hE P D# 1 40 

o 4 cm- 2 ~ct>~>tctfi % -etiiewsr**. UteWl 

(D^SEte^x^ l *fcb^n^C^3IS6W3<Dlsmffi 
tt— KrjK+ttOGaN^x^^Kjgr*^. NH, ^ 
EE < 0 . 35atm(35kPa)),HCl ( 4 
xi0 _2 atm(4kPa)) £fcfcW< fflBEttfil* 
(1 030-C) ilOCiilBTfti. CtlCCfcoT 

[0183] Iii<D-)XA(7)iKt8It^t, x? 
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[0184] *fcW>frfcttXUrB5»*f*»Ui8ja«^ 

[0185] C6D«fc5fcffi^GaNtt£n*r£<# 
aEb«c*o*i. C(DJ:5<t<HSfil[(DGaNB««:fl6fflU 
TGaN%OLD«fl»r&&A»fta)l/-1f9 s ^x 

[0 18 6] [Hft0|4 (f7r^7lE 4RRJx 
b\ Jf^W + X^XjfflX) ] 02 0 (a) - (c) 

2 2*ffW4. StEttl^r-fT. GaA stt«texE<D 
SS(Dfsjn-c<>m^ aS*iibrw^*^GaNilsa 
2 9*ftfflRSSS*&. ^ifii&#£igW> 7TtyHS 
fit^ft«S?#5^M2 0 (b) CDir^CC^r 

■fev Mi 2 st>mmticmfttcwa( l c'&tsmmttj:z>. m 

x ^ NO^Bff «r WBJflnX* J: VWmtitiJ: LT?S-WAj: 
$Iit^»o 0 2 0 (c) <D£*>lcmm!XDGa N«* 
(Di7--)1A30, 3K 3 2, 3 HJg 
W3iBI«(D*ffi«:j:oT. t7T-/7l«±tCGaN 

^3»'^T«tto< 6^, xfH/£W<0^*^7Lr4© 
|Sg(D^gtcJ:orf^S!{L/c 0 HS6W2t?ffll^c<Di|5li; 
•t 5 «C«B*|fflJsE«r # S H V P E S8B*fflli*i. 
[0 18 7] (GaNxtKDM) 
*1SH (**0©2«fIH!) 
fiEfiiBS : 1 0 3 0 °C 
NH 3 M; 0. 12atm(12kPa) 
HC l^BE : 2X10" 2 atm(2kPa) 

mzms (^o2P§ra) 

/X^^S ; 1 0 3 0-C 

N H 3 : 0. 35atm(35kPa) 

HC1M: 2X10" 2 atm(2kPa) 

*3SB («t< 2K?Bn) 

J&SSK; 1 0 30-C 

NH 3 ^EE: 0. 1 2 a t m ( 1 2 kPa) 

HC : 2X10" 2 atm(2kPa) 
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sums m*)<D9 smm) 
j&mum. : 1 0 30-c 

NH 3 #EE; 0. 35atm(35kPa) 
HC l#E; 4x l 0" 2 a t m (4 k Pa) 
[0188] J&&mffl<D&EUX 1 0 1 I^H-C**. jgfe& 
&Kt* 1 0 3 0 tr- SLTl>£ 0 1 -3©P£tttn»!0 
JSURJ <6B$BJ) OSHfc-CftQ. *Jfe«CNH 3 #IE£g: 

*rc»*. 4SPSCD9 5«ra<Djfcfitt3Sttffl3 £±< n 
[0189] xhrdsft(Dte*, xikMs&aancj:^ 10 

tififHUTOfc. XttflUOW >rf? h£5ISS#(J3<h|I] 
ttttAlX <**4*»II+W«jDI) (CJ;-?T, 24ft 
<D2-Y>^S, J¥£3 5 0Mm(DGaN^x^£fWc o 
3<b|5jt;J:5tC^^T-Y TWR1BJ© 3 mm m&<D 
f&&WiM<D3 mmmZCDZmiZWWgXtc,, 
[0 1 90] GaNSffi£I¥fflIiT£fc^ 3lftffl3 % 2 

ifHiiKc, vy r ^Tmmm<ov>'p')v <p> v r^gp* 

S & ^ * f v h <DiSK<D$l5£{I 
SIJSM3 



C20) SfM 2001-102307 

38 

*(D-^>^;U (Q) k fiSfiffiffiJiCjffit^^^jU (R) 03 



OU*>:/;bP 
[0191]* 



EPD : lxio* cm" 2 
E PD : 8 x l 0 3 cm" 2 
EPD : 6 x i o 9 cm" 2 
2, 3 £HD<fc5«CJiS*ffi«MT< 



«3©Ja^<tos6(c(K<aori*s. X9 7»e»h» 

[0192] HJ6W3 <bHWU<Dx.^t t ^ h&i^lni 
(Cthe^ltLfc. *y-F^5*vte>;* (CD (DM 

^ffip!13 <bSliSffil4«:*jt»r. /Jn£1>&<Dx 

Ux ? ^ f v F OSBMSl*. 
[0193] 



K 
L 
M 



1 . 5 x l 0 4 



c m 



c nT 
c m" 



6 x 1 0* 
4 x l o J 

[0194] zommzm^ztczbttc. $mm3 % miw 

0U<DJ>^v \-(DW? -TTSffi(Cifil^ffliJ<D3 mmfi 
CD («J9J»Tfc8B#) t$A£Sf9. i^37?|tO<DtKffi£r*7 

[0195] CftKnffiffl4(ttei**xmgl<Df8 t &&ft$: 

[0196] (GaAs±iM B H B +^>^^ 
F) liSiltGaAslt^^o GaAsl 
«tt. 2-f>*& (111) *«<DGaffif*ffiflJU H 
fliW2<k|5l«{C. ar^fHCCS i 0 2 K77/7CV 

[0197] *cJKttA*pIfi6r*^*i. 

t£ v 3/imifg, 6 umt'^m h^-f y'CDjJfittZG a 
Asli©<l 1-2>^<!:U/c 0 C0<fc^j:Xh7 
^^^vx^cD^ffitCJf^ty/Co S i0 2 v^^i 



P 5 x i 0 3 cm~ 2 
Q 4 x 1 0 3 c m" 2 
R 2 x l o 3 c m" 2 

BfcbWiHVPEffitt. HSfe0iJ2<bl^t:^g*ffifflU 

ft:. 

[oi9 8] (^vy^mcomm) 9am2 ttnimcu 
x, z-rms o o # c<D{gs(cr, nh 3 tfx^ix'Sro. 

2atm(20kPa),HCl */X#]E£ 2 x l o 
30 - 3 atm(2kPa)<hU J%BB$Mft3 0frX\ G 
aN^^^ 7 7 7 I^8 0nm^S$tt. -? 
Xt?mm (lOOnm) (DjjifirtyV r®J:DJ?t^ 
6, COSWrttv^^Hnaj (ffl) ©GaAsWS 
PCGaN^''> yTm&f&JkTZo ^<D±CC(iG a 

[0 19 9] (xtHHHBfft) ^|1 000*C$rS 
SUt, C(DSS-CGaNxt'^^^i-;l/e^fi5ci6?it 
/Co ^DHVPE«lrtr*^3&5^S^ 8 NH 3 » 
GEO. 4atm(40kPaK GaCI ^>JE3 x l 0 
40 " 2 atm(3kPa) iUc. fiSSRRQ«SKi4 B$RB"C 
^>o/c. *<Df&GaA sS«^3E**-Cx^^>^5fe 

«c<feOGaN»Ji«:^J!jnXl//c. «ffi*Wfif»PX-r* 
CitCjroT, ^^^0. 4mm©GaNi H B B ^|/c 4 
COttA0)X9^br? hSSSiSJSO/cKbC^. EPD 
(3:2 x l 0 41 cm" 2 rAofc. JBJICfiCiX^t? 

[0 20 0 ] (GaNi^^(Dxt^I) *{CC<D 
50 IfiSifSfiiUt, ^2 KD^n-bX^ot, ^> 
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hfHH*tt*fc. |B)DHVPEfifc£ffl<,>fc. 
tttt. NH, ?>K0. 4atm(40kPa).HCl 
9>E3 xiO- 2 atm(3kPa) -C£>-*>„ • 1 0 om 
Rg<Dfi£gP$B3!T^2 . 6 c m©iS<*©G a N -Y >=r? V 

5WJ7t*-; hSPr*-cA: 0 { 1 1 -2 2 } ffi<fc9fc 

*>Wsp\ m&tfto f f h t «sk naif s n/c„ io 

[0 20 1 ] C©-f>n"f h^X^+J-KUrDX^ 

©wiwg«#*£©rox^©wii£pgL/c. -en&c 

<fcot\ 2-^>^g l 5 0 /*m©«iffijWI&G 

a NS$# 2 5 tfc»fcftfc. G a A s StKflWf* ofc 1 
mmmm £<b%$ftt . J&BffiM© 3 m mil 5 =fI©gB#ti 

WOftrrc. jR^«cn$r©-f«c*i-rsfeJS< . Ga a 

s Wm* h<DWm<DUAt> MP o fc. A&ff 
[0 20 2] t*T.£©GaNffig (3 x;\) (colors? 20 

SEiRofc. mmotcisb, ^jofcuytGaN^x^©^ 

*>. Ga A sISI©')i^t>7'Jl/5:S, -Y>rf», h 

>:7\>U£ Uil/?c mmm 1 i IsJ^O^ffitc J; X 0 x 
^ffi<DE P V>*imvtc. E P D®afBett#tt«TOJ: 

[0 20 3] 

O -9->7*JUS EPD: 7xio s cm" 2 
O V>^JIT EPD: 5xio ! cm' 2 
O Vls-ffrU EPD: 3X10' cm" 2 30 
[0 2 0 4 ] «±©J:5tc. cni-CTftlUEPD 
©<B#f#6*Tfc. x 9 ^ £ 9 h {rRaUROS U/e. x 9 

&4fiXS £ 9 h ©cp^SWCttST 5f*^l>, £ C> *> t 
/Co 4${C. KD^I-^fj Hi. -&©£<!: A,£' 

[0 20 5] ^x^Stt^talUi^^ttSiLT, 

x 9 ^ £ v V CDcp'l>"C& «3 . ip-o-P r-k-j h 6 
#1*1©. ®«©XPS*«gB^$n/c. £tc. £9h©*>4> 

6 0g©ft|gT?eau/£:6fjt©rB^©^Ri=Sr^T^tS^AS 
#>ofc. ht»^8l5«ifi-r«. $£St©$K&*sja6n/t 

<*. Sj§es^»i^©^f rtr-t±i5&*% in*. 

r>/c. 50 
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[0 20 6] 

[|6?>J©S6*] ^HBJ©^SGaN©^iSfi!SSi>* 
G a N*^SS«©S!JiS«: <fc 0 . S£3fcf#i=>*l&#>-9fc 
10 1 cm" 2 WT©fils{4©GaN^JSS3!)5©6n2» 
<fc5ft&o/c„ cntCitXglteaGaN*^©!^^ 
&£&65nJfi&tC&&. ffi$iiiG a N$feSlfe^L 

[HS©ffi!#&SftW] 

[s i ] 7 -fe v i- ®©fc-rftg7»5 1 8 o&« 

[S3] Bffit577t.; MBO&TflffijW 1 8 0g« 

^[Sj(CREgL/$K{ifc%fi5L/fti(l*i±^^©l6 
If S nr REST 5Ci fcTnTMffiH. 
CB4] Mi«7 7fe? hM©^-r^S;6U 8 0g« 

[ n 5 3 ««r 577t-^ M©/cCt-fta*s i 8 o ma 

[06] K«Ti7 7-brH©ttfM*H 8 0g« 

C H 8 ] SRS t » Hcb W •S^tS^lS] B . K(4© MftlS 
Aftl<l©^PMEI. 

[09] GaN^tBfiSStCte^riSAftlif ^ 
Ctfeji-f 1-4110. 

[0 1 0 ] RSStf* h©jMAAil(cteWS^S*|fijB. 
?5f5©itt?f^i^ b ^ci'^^-r^ifffia. SKfic*^l?igK:W 
§?bi^JStt?r WIS] » Kiltf b ■PAjARM-r * 

-i:^i5fi©^fi* t 5 c t * T^-ra! 7\n mow-mm. 

[011] JiRfiSfefrS-^KfiE^taa-ffiOtv hffiffJ 
ttf L fcll^©fe- H ^©SilfirlS0. $4^g|5*^ffiB^g 
( c ttffiS) s f$> 0 . eifegp*^ t -fe 9 h iSSSUw 

[012] m&tkftzmtzity r-b 9 hRgsgpi^s 

fiSSgfi^tH^^ft^-li-C^gp^tc^T-fe 9 heRS© 
MM* *> fcif S «fc ^ fc b/ciS^r©Mo^©tiJKlfffi0. «M8 
g[i*^(Sfi£S ( c g|5 s -C* 0 . e«figR^7 r 



C22) 



41 

[013] JSS^«rg!fb3# V r-te v Yr&&Utmm 

[HI 4] Ga NCD^-r^;U*-^'-^p-^tcfe^ 

[HI 5] Ga N<D7 7-7)l*~^-?v~MCte\,* 
vx^^PSPRl^GaNfeS^Hft^^c^S 

[016] Ga NO^^^JU^-^-^D-^CC^i 
[017] Ga N(D5f-5^-^-^n-xCc*jl^ 

[H18] — wmmmtCfrfr&G a NCDfiSS 

jae*^-rBffffiH. his (a) iiiMwtv^^ 

*JB«ly/ctt«©»r®H. HI 8 (b) «SB8nSB«:ii 
UTSSCCGa NtSAfti? T-b 9 h0tSL/ft:ttflt(DRrrn 
Ho HI 8 (c) «^ 0 s B^fi®^PHTOnXU^6tcW^ 
M± Or^flWICC UrS^o^coG aN^i^iUc 
64>®tHK9H. 

[§19] *56g8©ffl!a)|l!ifiM«:^SG a N6DfiEfi« 
g*jjVrWrIHB. HI 9 (a) ttXfi(C)Stt#^X*£ 
JBfflcLfcttJBOWfBEiia. HI 9 (b) U3fflDff£jlU 

Ho HI 9 (c)liIWSLGaN^IO/a 



* 



10 



20 



30 



[020] *SW©(ft^JiW«C**^Ga NO/SfcRfl 
HSrTnTtKffiia. H2 0 (a) tt^KKtf ****** 
JBfiSbfct«8©WfBHia. H2 0 (b) t£SnD9«9L 

HQKBH. 02 0 (c) Bi«*R*U*^G a Nt£ 
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Ccb/c^OCDgSKffiHo 

[H2 1 ] *^ea<Dflfe(D||J£^«:^^Ga NCDJSSa 
ll^r^lKffiHo H2 1 (a) [ilWfttvx^?: 
JBfiEL/fcttSI(DKffi0. H2 1 (b) ttffiBaPSBSrilb 
tlfiJCGa Ntt Il3»<7 Tt?F fiSft U/c«SS<?>»fffl 
a 12 1 (c) 0G a NttS-^>=f^ h 

WH«MrUT^ffl¥»«cU^fe©cr^JWrBSia. H2 1 
(d) W*4l*ffl*Sad:LT3 6«Cfil>GaN^>=f9 

h*7r*v bf3cms^tcim<osmmo hi 9 <e> 



1 

2 
3 
4 
5 
6 
7 
8 
9 
1 
1 
1 
2 



nns (K) 

HftlRttecjsEfiLfcG a N«a 



2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 

2 9 

3 0 



^7*fe 7 h IS 
GaNftffittA 

HQ* (» 
xt'^SSGaN$Sa 
^ T -fe *;> h 35 

xtfjftftGaKUSa 
GaN-Jx^ 

ifftfitjtfiGaNgfi 
— 3 3 ;7^LWia 



3 4 xt^gGaNISS 

3 5 GaN®g Q a Q 

3 6 xfc'J&SGaNISS 

3 7—40 ^7-/^l/cGaN-)XM 



[H2] 



15] 





l£ <4 <o fa £ 



<E tt o ft £ 
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[07] 




ft <0 % 
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[B9] 



1 0] 





till] 

* * y g* <o h m 




[mi 2) 

* * y e s 

b ri^^* haswj&^UdJte- Bitot:*' 

Ml 




CHI 3] 
* y > m <o S K 




1 5] 



5 7- -J* 




C<B<A 



1 6] 
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(a) 




Ca) 




[02 0 ] 
GaN£g£Jgg;/o-fex 



(a) 




^vH^Q -^A^y^Vl '"f^MAl 



(c) 




=26" 




(c) 



[02 1 ] 




(b) 



-34 



(c) r 



x; B H 36 



-37 



-28 



-31 



-32 



-33 



C26) 

[#i&*»IE£] 

m&B] ¥/&l 2^9^40 (2000. 9. 4) 

[ffiiEM&mB%] 0 03 7 
[«UE£&] S£Jg 

[0037] #^HJ§«:7 y -fe 9 HtCfM«IfiE*5$, 

r 9 h ra©m^ttirfi[©»^ffi <b & s b . m&.m&m 

"cm" 2 Jirf<D<K$sft©&©£f#&C£#r£S„ $ 
fcttaK^SC^tt: 10 4 cm" * ~5x 1 0 3 cm 

- 2 ©i^ttfiiKfiiLOGaN^ieasrfefPiirts. 

[¥ttMiE2] 
[fTfijEMI&S^] WMW 
CffliE^^JSg^] 005 2 
[ffiESS] 

(0 0 5 2 ) M^7 7 t7 hMTOfiXS^raiA. Btt 

jltT^lSj^JSMtClSiJUfctO^Tn-r. J&S:£f|6jA£iK 
**fl«:tH*T £ 6 fi&te^fa £ CCjStf -T £ „ ^ t -b 9 

£SJ&g#M*yfc©£^*6:ft*., liRfiffilg»©»r»K: 
<fcS^-fi^?SS<D^(JW«5 » Rffitt £"<D*R5©^ 

h&ten&m> t u5 <fc 5 & c <t raja c 6 & t>. n 3 « 

(#t£fi{uE3 J 

[ffluE*f&JIg«] 0 0 5 3 
[ffiiEfr£) SEE 
[ffiiElW 

[005 3 ] (2) hffiftttAU 8 0ftfc*±© 

i soK^o^tt^^oso^^catcjaor^s 



t^BS! 2001-102307 



9 hliKlALT/cffi^^gMiCfeiJbfc^-C*^. 

si5o/c^©^-r„ RSg^ a t&imnxfa a «^ 

[#»»iE4] 

imimmmmz) 0055 

[ffliErt^] 

[0055) ®Ji»©S&-5>ttSS[©7 r-fe 9 hrffi 
£|3JD<fc5ftfc©T?£>.5#. H7«J:»3*{Wj:7tHz 

h -2. G a NfiXfi* S £ 0 1 ~ 3 <D<fc -5 % 

3§S«:tt&6&l>. 04~6©«k5f«f[ag|l (fc"t» h) (C 
& S. ^ftfJHtt? t b 9 h Wi<D C <D <fc *> teimW&ZVj 
fricmmL>£ *> fTS. 17tt (1-212) ffi<Dtj:? 
jM/n^ISEGH I J N-D«CS^^TS. S8«t*9 h<D 

c BB^<z>s^nr-4>s. ^w^csss^tt c wrtnait? 

*St,>«^iBK:WC7T-fe9 hiB<Dfi?]6-|ni^«: 
>ptbii:ST^?!rr&j-c*5 ; 5£^^e>n^. ^mtcsmv 
(ommjjtm c f^^-c* •&„ v r ^^v mof&mftft 

A, B-tC/&-,ref4Mi5iiO'-CtT<. FaTOgfi© 
mn 7?fSJ a « A i WC* F b t?©|gfiO!>jitT^|Sj 
b«B£WC*.6. 6-o©ftilffi (7 7 -fe-;H) « 

iffijEttmwmz) mmm 

CffiiE«*3IB*] 005 9 
[ tilE^ffi] 

[f(fliEl*|!S] 

[0059] f&gtti^frttjgc «>*^. Jt^K*,^, 

[^ffl)iE6] 
[JiIE*fm®Sl£] DgjniS 
[?ifiIBi*a3I@«] 0 18 2 
[tffliE^] §£M 
[IffliEF'lS] 

[0 18 2] Htfe^J:*)^***. -e-trrt+^-teffi^ 

e p Domtmhtitc. m&M 1 <om^m'b e p dau 

0 4 cm" 2 TS>oW -eti£|5j^-C*4„ HS£W1 



C27) 



«-S'CIK+te(DGaN^x^?:^T J #^ 0 NH 3 # 
EE ( 0 . 35atm(35kPa)) v HCl #EE ( 4 
X10' 2 atm(4kPa) ) <fc fc (OB < fflfi: (1 0 

[*«ffiiE7] 

[«jE»»3BB«]-0 199 

[0 199] (xe@<DJB/£) ^<D?&1 0 0 



ISIS 2001 - 102307 

BEO. 4atm(40kPa) ( HCl#JE3xiO 
" 2 atm(3kPa)i Utc. f&mmmz&)4 DSffl-c 

l>/c. ZZlcm 1 9{c^b/c^n-k^tc^oT5JFBiJttlX 

CitCjroT. ^S^O. 4mnKDGaN& s a ^|/c. 
£<Dt£ik<D*vmv HBS«:iftJSb/cchC5, EPD 
tt2xio< cm" 2 ~C*o/c 0 3te»CcffiC>x ^ ^b: ^ 



(72)^HJ^ ft* gg} F£-A(#^) 5F041 AA40 CA23 CA35 CA40 CA46 

&mm&ftffim.mit—T3 1 # 1 ^ttsi ca65 ca77 

^Xi^^tt^f}IS(W 5F045 AA03 AA04 AB14 AC03 AC12 

AD14 AD15 AE25 AF07 AF09 
AF13 BB12 DA67 DB01 CH08 



